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High Performance       Asset
Management

High Performance       Asset
Management

The State of Missouri StoryThe State of Missouri Story
David L. Mosby, CFM

Making old things perform at a 
High Level…

Making old things perform at a 
High Level…

� Airplane Video\VTS_02_0.IFO� Airplane Video\VTS_02_0.IFO

The Problem
Wasted Dollars

The Problem
Wasted Dollars

Facilities now owned or leased are valued at over $4 Billion.Facilities now owned or leased are valued at over $4 Billion.
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We spend over $300 Million per year for acquisition, renovation and upkeep.
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FY04 ExpendituresFY04 Expenditures

$300 Million per Year

Operations 
$131 

F&U $60 

CI $55 

Leasing 
$54 

$300 Million per Year

Operations 
$131 

F&U $60 

CI $55 

Leasing 
$54 

10% Saving = $30 Million Per Year

The PossibilitiesThe Possibilities
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The FocusThe Focus

Organization

real-time communications

Partnerships

“Good to Great”“Good to Great”

FMDC

The Key         ChangesThe Key         Changes

� Business Incubator

� Planning Unit

� Real Estate Unit

� Energy Unit

� Centralize Maintenance Operations

� Business Incubator

� Planning Unit

� Real Estate Unit

� Energy Unit

� Centralize Maintenance Operations

Organization

� CP & Associates

� Arcturis

� HOK

� Trivers

� CP & Associates

� Arcturis

� HOK

� Trivers

PartnershipsPartnerships

Planning and DesignPlanning and Design

� JCI

� Ameresco

� Benham

� Burns & McDonald

� Control Technology Solutions 

� Trane

� Energy Systems Group

� Noresco

� JCI

� Ameresco

� Benham

� Burns & McDonald

� Control Technology Solutions 

� Trane

� Energy Systems Group

� Noresco

PartnershipsPartnerships

Performance ContractsPerformance Contracts

� JE Dunn

� DFC Group

� DESCO

� Bank of America

� Citigroup

� JE Dunn

� DFC Group

� DESCO

� Bank of America

� Citigroup

PartnershipsPartnerships

Contractors/Developers/FinanceContractors/Developers/Finance
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� Talisen

� Gridlogix

� Archibus

� IDS

� VFA

� Talisen

� Gridlogix

� Archibus

� IDS

� VFA

PartnershipsPartnerships

TechnologyTechnology

IP

M2M

Condition Assessment and Planning
Building Information Modeling

Enterprise Energy Mgmt

Computerized Maintenance Mgmt

Business Process Mgmt

Enterprise Resource Planning
Synthetic Metering

The Key               to Real Time Communications

Operations

The Backbone of the               
State of Missouri

The Backbone of the               
State of Missouri

global facilities portal

Facility Information Management

Utility Bill Pay

Automated Enterprise 
Monitoring

Work Order Automation

Archibus Space Management

VFA Capital Planning 

Appian Business  Process 
Management

Building 2.0

Archibus CMMS
Operations
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1, 2, 3, 4, . . .How much?

� What is the current condition?

� What is the future budgeting 
prioritization/allocation?

1, 2, 3, 4, . . .How much?

� What is the current condition?

� What is the future budgeting 
prioritization/allocation?

The Problem

The Condition SolutionThe Condition Solution Increased FundingIncreased Funding
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The Solution The Solution 

� ARCHIBUS (Space Management)
� Polylined and information centralized in ARCHIBUS

� Developed and implemented “New Space 
Standards”

� Near real time billing

� Strategic master planning

� ARCHIBUS (Space Management)
� Polylined and information centralized in ARCHIBUS

� Developed and implemented “New Space 
Standards”

� Near real time billing

� Strategic master planning

ARCHIBUS 

Money…Money…Money…MoneyMoney…Money…Money…Money

$51 M Real Estate Budget

$6.5 M to General Revenue

$7.8 M in Space Consolidation

ResultsResults
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Results

$20.2 Million Sold in Excess Real Estate

Results

$20.2 Million Sold in Excess Real Estate

Midtown State Office Building 505 Washington

Operations Operations 
Operations

Work Order Automation/CMMSWork Order Automation/CMMS

� ARCHIBUS/FM WebCentral

� BlackBerry Handheld Units

� ATM-style interface (Touch 
Screen Kiosks) to 
ARCHIBUS/FM 

� Integration of Supply Vendors

� ARCHIBUS/FM WebCentral

� BlackBerry Handheld Units

� ATM-style interface (Touch 
Screen Kiosks) to 
ARCHIBUS/FM 

� Integration of Supply Vendors

TrainingTraining
Operations Operations 

Operations
Operations Operations 

� Results
� $1.6 M – 68 FTE Reduced 

� Reduced FCI 
� 2007 - .155

� 2008 - .147

� 2009 - .142

� Doubled Small Project Funding from 

$4.5 M per year to $9.0 M per year

� Results
� $1.6 M – 68 FTE Reduced 

� Reduced FCI 
� 2007 - .155

� 2008 - .147

� 2009 - .142

� Doubled Small Project Funding from 

$4.5 M per year to $9.0 M per year

Operations
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Mgmt Consultant Architects/Engineers

Construction Manager or Owners Representative

Strategic
Planning
StrategicStrategic
PlanningPlanning

Program
Design

ProgramProgram
DesignDesign BuildBuildBuild Close

Out
CloseClose
OutOut

Facility
Design
FacilityFacility
DesignDesign

General Contractor

AlterationsAlterations

25%25%

OperationOperation

50%50% ConstructionConstruction
11%11%

FinancingFinancing

14%14%

Construction is only 25% 

of the lifecycle costs

The P
roblem

…

Chief Asset OfficerChief Asset Officer

OperateOperate

� The Solution

� PACE Contracts / CM Services

� Business Process Mapping 

� Senate Bill 322 

� The Solution

� PACE Contracts / CM Services

� Business Process Mapping 

� Senate Bill 322 

Building 2.0Building 2.0

� Results

� 30 FTE - $1.7 M per year reduced 

� Best Value Procurement

� Job Order Contracting to $300,000 

� Results

� 30 FTE - $1.7 M per year reduced 

� Best Value Procurement

� Job Order Contracting to $300,000 
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$70,000,000

$80,000,000

2000  $29,874,362  $8,631,084  $7,109,637  $1,431,183  $405,795  $419,564  $47,871,625 

2005  $32,842,693  $18,678,496  $9,965,610  $2,741,614  $1,458,919  $482,569  $66,169,901 

2006  $33,835,396  $23,006,637  $10,331,690  $2,911,354  $1,695,969  $277,894  $72,058,940 

2007  $31,654,158  $20,460,015  $10,207,022  $1,365,741  $1,801,908  $533,689  $66,022,533 

Elect ricity Natural Gas Water/Sewer Other Propane Fuel Oil TOTAL

The ProblemThe ProblemThe ProblemThe Problem

Our Goal…Our Goal…

� The State of Missouri shall reduce 
energy consumption per square foot 
per degree day in all conditioned 
facilities by an average of 15% by 
2010, relative to FY2005 levels.

� The State of Missouri shall reduce 
energy consumption per square foot 
per degree day in all conditioned 
facilities by an average of 15% by 
2010, relative to FY2005 levels.

Well maintained facilities use less 
energy…

Well maintained facilities use less 
energy…

• In-House Initiatives

• Energy Performance Contracts 
Program

• Statewide Energy Management, 
Technology & Communications 
Initiatives

In-House Energy InitiativesIn-House Energy Initiatives

� Transported Natural Gas Purchases
� FY07 Savings $1.9 M

� Department of Corrections hot water to ozone laundry conversion
� Annual Savings $892,593

� Conservation efforts by establishing cooling season and heating season set 
points

� Steam trap maintenance program
� Annual Savings to date $839,188
� Of 3,000 only 1,500 surveyed

� Pre-purchased $1.3 M of natural gas with FY07 savings for use in FY08 winter 
operations.

� Establishment of a statewide preventative maintenance program

� Moberly in-house lighting replacement project
� Annual Savings $143,522

� Transported Natural Gas Purchases
� FY07 Savings $1.9 M

� Department of Corrections hot water to ozone laundry conversion
� Annual Savings $892,593

� Conservation efforts by establishing cooling season and heating season set 
points

� Steam trap maintenance program
� Annual Savings to date $839,188
� Of 3,000 only 1,500 surveyed

� Pre-purchased $1.3 M of natural gas with FY07 savings for use in FY08 winter 
operations.

� Establishment of a statewide preventative maintenance program

� Moberly in-house lighting replacement project
� Annual Savings $143,522

Co-generation Project at FultonCo-generation Project at Fulton
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Standard Performance ContractStandard Performance Contract

� 14 Million sq. ft. Under Audit / Contract / 
Construction

� Lighting Retrofits
� Water Conservation Measures
� Energy Management System
� HVAC Replacements
� Replace Windows
� Upgrade Electrical System
� Replace Chiller

� 14 Million sq. ft. Under Audit / Contract / 
Construction

� Lighting Retrofits
� Water Conservation Measures
� Energy Management System
� HVAC Replacements
� Replace Windows
� Upgrade Electrical System
� Replace Chiller

Landfill Project – Renewable EnergyLandfill Project – Renewable Energy

LFG Evaluation 

$772,146 $650,851 $1,422,997 

$650,851 
115,503 *

$1,422,997 
$12.32 115,503Total

$85,045 

$12.32 6,903

$259,875 
$5.21 49,880

$699,567 
$12.32 56,783ALGOA

$305,931 
$5.21 58,720

$723,430 
$12.32 58,720JCCC

Projected 
First Year 
Savings

Projected 
First Year 
Annual Cost

Projected 
Cost Using 
LFG & Nat.

Projected 
Mmbtu 
Need

Costs 
FY 06

Mmbtu 
Cost 
Avg.  

Mmbtu 
Usage FY 
06  

Projected Mmbtu Need Of 115,503, The LFG Has A Predicted Production of 108,600 Mmbtu Bio-Mass Boiler – Renewable EnergyBio-Mass Boiler – Renewable Energy

Annual Savings = $565,000Annual Savings = $565,000

Coal Seam Gas - RenewableCoal Seam Gas - Renewable
Standard ESCO - ROIStandard ESCO - ROI

� 11,529,245 sq. ft.

� Cost - $7.13 per sq. ft. One Time Cost

� Guaranteed Annual Savings

� $.84 per sq. ft. energy savings

� $.35 per sq. ft. operating savings

� Energy Simple Pay Back – 8.5 Years

� Total Pay Back – 6 Years

� 11,529,245 sq. ft.

� Cost - $7.13 per sq. ft. One Time Cost

� Guaranteed Annual Savings

� $.84 per sq. ft. energy savings

� $.35 per sq. ft. operating savings

� Energy Simple Pay Back – 8.5 Years

� Total Pay Back – 6 Years
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� Utility Bill Pay – Monthly

� AMR Interval Data – Daily

� Automated Enterprise Management

� Every 15 Minutes

� Utility Bill Pay – Monthly

� AMR Interval Data – Daily

� Automated Enterprise Management

� Every 15 Minutes

Statewide Energy Management, 
Technology & Communications ESCO

Statewide Energy Management, 
Technology & Communications ESCO

Utility Bill Pay
Business Partner - Ameren

Utility Bill Pay
Business Partner - Ameren

� 1,000  Invoices Per Month

� EDI Transfer into Central Data Base/SAMII

� Actual Usage Collected 

�� 1,000  Invoices Per Month1,000  Invoices Per Month

�� EDI Transfer into Central Data Base/SAMIIEDI Transfer into Central Data Base/SAMII

�� Actual Usage Collected Actual Usage Collected 

� Continuous Monitoring�� Continuous MonitoringContinuous Monitoring

Automated Enterprise ManagementAutomated Enterprise Management
Automated Enterprise Management

� Initial Commissioning

� Fault Detection and Diagnostics

� Demand Response

Automated Enterprise Management

� Initial Commissioning

� Fault Detection and Diagnostics

� Demand Response
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Wainwright State Office BuildingWainwright State Office Building

� Building Overview

� Location:  111 North 7th Street

St. Louis, MO

� Size:  234,599 sq. ft.

� Hours of Operation:  M-F 6 a.m. to 
6 p.m.

� Building Population:  693

� Year Built:  1891

� Year Commissioned:  1981

� Building Overview

� Location:  111 North 7th Street

St. Louis, MO

� Size:  234,599 sq. ft.

� Hours of Operation:  M-F 6 a.m. to 
6 p.m.

� Building Population:  693

� Year Built:  1891

� Year Commissioned:  1981
Fail 176

Fail 221

Pass 81

Pass 53

Pass 143

Fail 148

Fail 87

Pass 9

0% 20% 40% 60% 80% 100%

Operations

Efficiency

Comfort

Total

Overview & Recommendations

Wainwright State Office BuildingWainwright State Office Building
Acc. 8030002837 - Monthly Energy Consumption
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Electric boiler use drives a 
consistent demand across winter 
without respect to actual heating 
load

Acc. 8030002837 - Monthly Energy Cost and Blended Rate
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Electric boiler use during summer 
billing months results in excess 
cost.

Acc. 8030002837 - Monthly Load Factor and Energy Use Intensity
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Acct.# 8030002837, Rate 3M Bldg SqFt 234,599       

From To
Num 
Days

Service 
Amount Bill Amount

Bill$-
Serv$ Total kWh Peak kW

Off Peak 
kW

Total 
Billing 

Demand

Billing 
Peak kW 

???
Load 
Factor kWh/day $/kWh $/SqFt

2/1/06 2/27/06 26 28,908$      28,908$           -$     570,900        2,327      0 2327 0 39% 21,958       0.0506$       0.1232$       
2/27/06 3/28/06 29 28,402$      28,402$           -$     530,100        2,334      0 2334 0 33% 18,279       0.0536$       0.1211$       
3/28/06 4/26/06 29 19,528$      19,528$           -$     316,800        2,194      0 2194 0 21% 10,924       0.0616$       0.0832$       
4/26/06 5/25/06 29 27,206$      27,206$           -$     259,200        1,642      0 1642 0 23% 8,938         0.1050$       0.1160$       
5/25/06 6/26/06 32 24,653$      24,653$           -$     309,600        825         0 825 0 49% 9,675         0.0796$       0.1051$       
6/26/06 7/26/06 30 25,740$      25,740$           -$     310,500        912         0 912 0 47% 10,350       0.0829$       0.1097$       
7/26/06 8/24/06 29 25,758$      25,758$           -$     315,000        888         0 888 0 51% 10,862       0.0818$       0.1098$       
8/24/06 9/25/06 32 14,087$      14,087$           -$     282,300        923         0 923 0 40% 8,822         0.0499$       0.0600$       
9/25/06 10/24/06 29 16,700$      16,700$           -$     345,300        2,357      0 2357 0 21% 11,907       0.0484$       0.0712$       
10/24/06 11/26/06 33 24,373$      24,373$           -$     575,700        2,241      0 2241 0 32% 17,445       0.0423$       0.1039$       
11/26/06 12/27/06 31 26,574$      26,574$           -$     641,400        2,231      0 2231 0 39% 20,690       0.0414$       0.1133$       
12/27/06 1/28/07 32 29,161$      29,161$           -$     717,900        2,292      0 2292 0 41% 22,434       0.0406$       0.1243$       
1/28/07 2/26/07 29 29,923$      29,923$           -$     740,400        2,318      0 2318 0 46% 25,531       0.0404$       0.1276$       
2/26/07 3/27/07 29 21,540$      21,540$           -$     489,300        2,341      0 2341 0 30% 16,872       0.0440$       0.0918$       
3/27/07 4/26/07 30 21,357$      21,357$           -$     492,000        1,751      0 1751 0 39% 16,400       0.0434$       0.0910$       
4/26/07 5/28/07 32 34,360$      34,360$           -$     360,000        1,702      0 1702 0 28% 11,250       0.0954$       0.1465$       
5/28/07 6/28/07 31 27,281$      27,281$           -$     360,900        846         0 846 0 57% 11,642       0.0756$       0.1163$       

Annual Totals 296,855.45$    5,630,700     2,357      Ave LF 39% 1.27$           
kWh/sqft and w/sqft 24.0              10.05      

Verify actual cooling and heating setpoint values.Other rooms, with ACTCLGSPT setback for Unocc
hours, indicate abnormally high or low settings: 
76/80, 80/84, 74/82, 78/82, 65/69 (°F).

Match actual cooling setpoint with room occupancy 
status (see item 1 above).

Approximately 3/4 of rooms do not have scheduled 
ACTCLGSPT.

Implement room occupancy scheduling. Check each 
VAV box for schedules and settings (see item 1 
above).

Approximately 1/3 of rooms (~75) have occupancy 
status “ON” during all hours of day (24/7), while a few 
other rooms indicate occupancy always "OFF."

VAV setpoints should follow a standard in open areas 
(see item 1 above).

Open spaces have different settings (setpoints, 
deadband, etc.) for VAVs causing boxes to fight each 
other.

RecommendationsSpecific Observations

4)  The space assessment identified several VAV boxes where control signals to the actuators are not consistent 
with measured temperature of air flow. These boxes need to be recommissioned.

3)  VAV boxes with electric reheat need to be reprogrammed to allow the air handling units to be shut down at 
night. A sequence of operation needs to be implemented such that no electric heat operates when there is no air 
flow and all electric heat must be off for 1 minute before the associated supply fan can be shut off. The 
programming for two-stage heating should also be checked as we see very little operation at the 50% range. Most 
boxes run at 0% or 100%.

2)  There remains a number of pneumatically controlled VAV boxes. As above, with the largely open office plan, 
these units interact with the DDC controlled VAV boxes, making comfort conditioning and energy management 
difficult as shown in the space assessment scorecard. Because of the inability to program the pneumatic VAV 
boxes to operate in concert with the rest of the digital system, the Wainwright building can't reach its potential until 
they are upgraded to DDC. 

1)  Occupancy schedules: Occupied/Unoccupied temperature settings and Occupied/Unoccupied 
Minimum/Maximum CFM settings are not consistently applied at the box level. The largely open area office plan 
requires that temperature settings be coordinated for maximum efficiency of the HVAC system and to keep the 
boxes from fighting each other. Many VAV boxes are not completely closing the dampers as allowed by the design 
specification during unoccupied hours (we believe this is a mechanical issue with the dampers in question). The 
software settings for all VAV boxes needs to be verified and updated according to operating requirements.

The space assessment identified the following common issues with respect to VAV operation.

VAV Boxes

Wainwright State Office Building — Recommendations

Fault Detection & Diagnostics Fault Detection & Diagnostics 

AHU FDDAHU FDD

The Supply Air Temp is higher than the Supply Air Set Point Temp and the Outside Air Temp is low AHU Outside Air Fault 2

The Supply Air Temp is greater than the Supply Set Point Temp while operating Outside Air Damper 
at 100%.  This may be acceptable for a short time.

AHU Outside Air Fault 1

Cooling Coil Valve in 2 positions – fully open or fully closed.AHU Cooling Fault 9

The Cooling Coil Valve is oscillating or is unstable.  This could indicate controller instability.AHU Cooling Fault 8

Outside air enthalpy.  No Fault.AHU Cooling Fault 7

The cooling valve is fully closed however the AHU continues to run and cool the supply air.  This 
could indicate a faulty valve, faulty sensor, or a leak through the valve.

AHU Cooling Fault 6

The Outside Air Temp is lower than the Return Air Temp.  The Outside Air Damper should be fully 
opened however is not.

AHU Cooling Fault 5

The Mixed Air Temperature is greater than both the Return Air Temperature and Outside Air 
Temperature.  This could indicate a sensor error.

AHU Cooling Fault 4

The Cooling Control Valve and the Outside Air Damper are increasing at the same time.AHU Cooling Fault 3

A decrease in temperature is not present between the Mixed Air Temp and the Supply Air Temp.AHU Cooling Fault 2

The Supply Air Temperature is greater than the Supply Set Point Temperature while the Cooling 
Control Valve is fully opened.

AHU Cooling Fault 1

Heating every day (Summer)AHU Heating Fault 8

The Heating Coil Valve is oscillating or is unstable.  This could indicate controller instability.AHU Heating Fault 7

Outside air enthalpy.  No Fault.AHU Heating Fault 6

The heating valve is fully closed however the AHU continues to run and heat the supply air.  This 
could indicate a faulty valve, faulty sensor, or a leak through the valve.

AHU Heating Fault 5

The Mixed Air Temp is less than both the Return Air and Outside Air Temp.  This could indicate a 
sensor error.

AHU Heating Fault 4

The Heating Control Valve and The Outside Air Damper are increasing at the same time.AHU Heating Fault 3

An increase in air temperature is not present between the Mixed Air Temp and the Supply Air Temp.AHU Heating Fault 2

The Heating Control Valve is fully opened however the Supply Air Set Point Temp is not being 
reached by the Supply Air.

AHU Heating Fault 1 Chiller FDDChiller FDD

Chiller Fault 1 Chilled Water Supply Temp Too-High / Too-Low 
Chiller Fault 2 The mean deviation of the chiller water supply temp from the set point 

temp 
Chiller Fault 3 Compressor interlock with Condenser Pumps OK/Not OK 
Chiller Fault 4 Compressor interlock with Condenser Fans OK/Not OK 
Chiller Fault 5 The capacity of the chiller is not meeting cooling load 
Chiller General 1 Calculate heat removed by chiller 
Chiller General 2 Calculate heat added to the condenser 
Chiller General 3 Calculate Chiller Efficiency 
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Cooling Tower Fault 1 Cooling Tower Interlock OK/Not OK (Interlock Between Condenser and 
Cooling Tower) 

Cooling Tower Fault 2 The Cooling Tower Fans are off however they should be on 
Cooling Tower Fault 3 The Cooling Tower Fans are on however they should be off 
Cooling Tower Fault 4 A problem is present with the cooling tower.  Not enough heat is being 

removed.  The Cooling Tower approach temp is not being achieved 
(Approaching Wet Bulb Temp). 

Cooling Tower Fault 5 The return water temp from the condenser is too high 
Cooling Tower Fault 6 Compare tower supply and return water temps to chiller supply and 

return water temps (In Progress) 
Cooling Tower Fault 7 Interlock between basin water pumps and condenser water pumps (In 

Progress) 
Cooling Tower General 1 Calculate heat gained from condenser (In Progress) 
Cooling Tower General 2 Calculate heat removed by tower (In Progress) 
 

Cooling Tower FDDCooling Tower FDD FDD - ChillersFDD - Chillers

Automated Enterprise Management – Demand 
Response

Automated Enterprise Management – Demand 
Response Measure & VerificationMeasure & Verification

Wainwright State Office BuildingWainwright State Office Building
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Truman State Office BuildingTruman State Office Building
ESCO 2.0 - ROIESCO 2.0 - ROI

� Sq. Ft. – 16,336,715

� One Time Cost - $1.10 per sq. ft.

� Guaranteed Annual Savings

� Energy - $.17 per sq. ft.

� Operations - $.40 per sq. ft.

� Energy Simple Pay Back in 6.5 Years

� Total Pay Back in 1.9 Years

� Sq. Ft. – 16,336,715

� One Time Cost - $1.10 per sq. ft.

� Guaranteed Annual Savings

� Energy - $.17 per sq. ft.

� Operations - $.40 per sq. ft.

� Energy Simple Pay Back in 6.5 Years

� Total Pay Back in 1.9 Years
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Emissions Savings (Lbs.)Emissions Savings (Lbs.)

511,960SOX

293,829NOX

196,480,587CO2

Savings RecapSavings Recap

$21.5 M$33.8 MTOTAL

$20.2 M

$1.3M

$14.3 M

$1.6 M

$1.7 M

$16.2 M

One TimeAnnual

Real Estate

Operations

Construction

Utilities

Questions?Questions?


